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[0001] This application claims the benefit of the Korean 
Application No. P2001-05920 filed on February 7, 2001, which is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a digital TV(DTV), 
and more particularly, to a vestigial sideband (VSB) demodulating 
device and method in a DTV receiver, in which a VSB signal is 

\* received for independent carrier wave recovery and symbol clock 

Q recovery . 

,7 Discussion of the Related Art 

g [0003] Generally, a VSB mode of Grand Alliance employed as 

J* the standard of a digital TV (for example, HDTV) transmission 
Q mode in the United States of America and Korea modulates one of 
Q two side bands generated up and down based on a carrier wave when 
P amplitude of a signal is modulated while attenuates the other. 
m That is to say, the VSB mode transmits one side band spectrum of 

a base band to a pass band, so that a band region can effectively 

be used. 

[0004] In case of VSB modulation, DC spectrum of a base band 
is changed to a tone spectrum in a pass band. The tone spectrum 
is generally called a pilot signal. That is, a broadcasting 
station modulates a VSB signal, a receiver blows the pilot signal 
away in the air to exactly demodulate the signal. 

[0005] FIG. 1 is a block diagram illustrating a general 
digital TV receiver. Referring to FIG. 1, a VSB demodulating 
device includes an analog- to -digital (A/D) converter 103, a phase 
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divider 104, a multiplier 105, a timing recovery portion 108, a 
carrier waver recovery portion 113, and a channel equalizer 107. 

[0006] That is, if a radio frequency (RF) signal modulated in 
a VSB mode is received through an antenna, a tuner 101 selects a 
desired channel frequency. Then, the tuner 101 transits a VSB 
signal of an RF band inserted in the channel frequency to a fixed 
intermediate frequency (IF) band of 44MHz or 43.75MHz and 
properly filters other channel signal. 

[0007] An output signal of the tuner 101 passes through a 
surface acoustic wave (SAW) filter 102 employed to remove other 
band signal and a noise signal and used as an analog matched 

D filter. 

Q 

g [0008] At this time, since all the required information exist 

N in a band between 44MHz and 6MHz of a digital broadcasting 

sQ signal, the SAW filter 102 removes all the periods other than a 

— band of 6MHz with information from the output of the tuner 101 

Q and outputs the signal of 6MHz to the A/D converter 103 . 

ftp 

p [0009] The A/D converter 103 samples the output of the SAW 

filter 102 with a fixed frequency of 25MHz and digitalizes the 

ftl sampled frequency. A matched filter 104 adjusts a signal-to-noise 
ratio (SNR) of the digitalized signal at a symbol position and 
outputs the digitalized signal to a resampler 105 for recovery of 
a digital symbol clock. 

[0010] The resampler 105 receives a timing error of current 
symbols generated by signal processing of a base band from a 
timing recovery portion 109 and interpolates the timing error to 
reduce an error between the digitalized signals. That is, the 
digital signal sampled at 25MHz is interpolated at n times (n=2 
in case of VSB) of a real symbol rate through the resampler 105. 
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[0011] The output of the resampler 105 is input to a phase 
divider 106, divided into components I and Q by the phase divider 
106, and output to the multiplier 107. 

[0012] The multiplier 107 receives a complex sinusoidal wave 
with a recovered carrier wave through a numerically controlled 
oscillator (NCO) 116 and multiplies the complex sinusoidal wave 
by signals I and Q of a pass band output from the phase divider 
106 and lowers the signals I and Q of the pass band to a base 
band . 

[0013] The signals I and Q of the base band output from the 
multiplier 107 are output to the timing recovery portion 109, the 
carrier wave recovery portion 113, and the channel equalizer 108. 

[0014] At this time, once the output of the multiplier 107 
passes through the channel equalizer 108, distortion generated by 
passing through a channel included in the output of the 
multiplier 107 is compensated. Also, the channel equalizer 108 
recovers synchronizing signals inserted during transmission from 
the signal I of the base band and recovers received data, i.e., 
transmitting symbols using the synchronizing signals. 

[0015] The carrier wave recovery portion 113 removes phase 
error and frequency offset of the carrier wave from a pilot 
signal of the base band output from the multiplier 107 and feeds 
back a corresponding complex sinusoidal wave to the multiplier 
107. Therefore, the multiplier 107 outputs the digital signals I 
and Q of the base band with the recovered frequency offset and 
phase error. 

[0016] To this end, the carrier wave recovery portion 113 
includes a frequency phase error detector (FPED) 114, a loop 
filter 115, and an NCO 116. That is, the FPED 114 detects the 
frequency offset and the phase error from the pilot signal of the 
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base band output from the multiplier 107 and outputs the detected 
frequency offset the phase error to the loop filter 115. 

[0017] The loop filter 115 filters and integrates the output 
of the FPED 114 and outputs a final value to the NCO 116. The NCO 
116 generates a complex sinusoidal wave relative to the output of 
the loop filter 115 and outputs the complex sinusoidal wave to 
the multiplier 107. 

[0018] In other words, frequency offset of several hundreds 
of KHz and phase error are generated by a tuner or an RF 
oscillator during VSB signal reception. The frequency offset and 
phase error are required to be minimized for exact data recovery. 
At this time, acquisition and tracking are performed to minimize 
the frequency offset and phase error. This acquisition and 
tracking process is called carrier wave recovery. 

[0019] Meanwhile, the timing recovery portion 109 generates 
the same symbol clock as that used during transmission to recover 
transmission data at a receiving party. This is because that an 
advanced television systems committee (ATSC) VSB transmission 
system proposed by a US directed digital TV (DTV) receiver loads 
data only in a transmission signal. At this time, the timing 
recovery portion 10 9 implements timing recovery during a data 
segment synchronizing signal period regularly inserted in a 
transmitting party. 

[0020] To this end, the timing recovery portion 109 includes 
a timing error detector 110, a low pass filter (LPF) ill, and an 
NCO 112. The timing error detector 110 detects timing error 
information from the output of the multiplier 107. The LPF 111 
passes through low band signal components only from the timing 
error information. The NCO 112 controls sampling timing of the 
resampler 105 by converting the output frequency in accordance 
with low band components of the timing error. 
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[0021] in other words, the timing error detector 110 detects 
the timing error information from the output of the multiplier 
107 and outputs the detected timing error information to the LPF 
111. The LPF 111 filters the low band signal components only from 
the timing error information detected by the timing error 
detector 110 and outputs the filtered low band signal components 
to the NCO 112. The NCO 112 converts the output frequency in 
accordance with the low band components of the timing error 
information and controls sampling timing of the resampler 105. 

[0022] At this time, the carrier wave recovery portion 113 
detect s frequency phase error from a band with the pilot signal 
O on the frequency spectrum. The timing recovery portion 109 
m detects timing error information from an opposite band with no 
'pf pilot signal. 

p [0023] As described above, the VSB demodulating device of 

* FIG. 1 is implemented by only a digital device without depending 
D on an analog device. Accordingly, the VSB demodulating device can 
;p be implemented by an optimal parameter. 

m [0024] However, the VSB demodulating device of FIG. 1 is 

fU configured such that the carrier wave recovery portion 113 and 
the timing recovery portion 109 do not operate independently but 
operate to affect each other. In this case, once a problem occurs 
in the timing recovery portion 10 9, the problem directly affects 
the carrier wave recovery portion 113, and vice versa. As a 
result, receiving characteristic of the DTV receiver is degraded. 

[0025] Furthermore, the carrier wave recovery portion 113 of 
FIG. 1 has an asymmetrical frequency offset acquisition 
performance. That is, the carrier wave recovery portion 113 of 
FIG. 1 has lower acquisition performance in case of the frequency 
offset in direction than that in case of the frequency offset 

in "+" direction. 
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[0026] At this time, since the carrier wave recovery portion 
113 and the timing recovery portion 109 operate to affect each 
other, degradation of acquisition performance in the carrier wave 
recovery portion 113 is linked to degradation of performance in 
the timing recovery portion 109. 

[0027] Also, if a fatal ghost exists in a band used for 
timing recovery, a signal at a portion where the ghost exists is 
removed during demodulation. If the timing error is detected 
using such a signal, wrong timing error information may be 
detected. In this case, the carrier wave recovery portion 113 is 
L: affected by the timing error recovery portion 109, it is not 
p operated normally. If the carrier wave is not recovered, the 
iSj received data is not recovered normally, thereby degrading 
"~ performance of the DTV receiver, 
fi: 

J" SUMMARY OF THE INVENTION 

D [0028] Accordingly, the present invention is directed to a 

K 

Q VSB demodulating device and method in a DTV receiver that 
i"? substantially obviates one or more problems due to limitations 
PH and disadvantages of the related art. 

[0029] An object of the present invention is to provide a VSB 
demodulating device and method in a DTV receiver, in which a 
complete digital demodulator is implemented and a carrier wave 
recovery portion and a timing recovery portion are operated 
separately so as not to affect each other. 

[0030] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
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structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0031] To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, a digital demodulating device in a 
digital TV receiver includes: a digital signal processor 

digitalizing pass band signals of a particular channel 
transmitted in a VSB modulation mode; a base band demodulator 
multiplying the pass band digital signals by a complex sinusoidal 
wave with a recovered carrier wave to convert the pass band 
digital signals to base band digital signals; a carrier wave 
recovery portion detecting phase error of a carrier wave from 
base band pilot signals output from the base band demodulator, 
generating a complex sinusoidal wave relative to the phase error, 
and outputting the complex sinusoidal wave to the base band 
demodulator; a resampler interpolating a timing error of current 
symbols to reduce an error between the base band digital signals 
output from the base band demodulator; a matched filter filtering 
the output of the resampler to maximize a signal-to-noise ratio 
(SNR) at a symbol position; a timing recovery portion obtaining a 
timing error of the current symbols from an output signal of the 
matched filter and feeding back the timing error to the 
resampler; and a channel equalizer compensating channel 

distortion included in the output signal of the matched filter. 

[0032] The carrier wave recovery portion includes: a 
frequency phase error detector detecting frequency offset and 
phase error from the pilot signals included in the base band 
digital signals output from the base band demodulator; a 
loop filter filtering and integrating the output of the frequency 
phase error detector; and an NCO generating a complex sinusoidal 
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wave relative to the output of the loop filter and feeding back 
the complex sinusoidal wave to the base band demodulator. 

[0033] The timing recovery portion includes: a timing error 
detector detecting timing error information from the output of 
the matched filter; a loop filter filtering only low band signal 
components from the timing error information detected by the 
timing error detector; and an NCO converting output frequency in 
accordance with the low band signal components of the timing 
error information and controlling sampling timing of the 
re sampler . 

[0034] The digital signal processor includes a phase divider 
dividing the digitalized pass band signal into pass band digital 
signals I and Q. 

[0035] In another aspect of the present invention, a digital 
demodulating device in a digital TV receiver includes: a 
digital signal processor digitalizing pass band signals of a 
particular channel transmitted in a VSB modulation mode; a base 
O band demodulating and carrier wave recovery portion multiplying 
•p the pass band digital signals by a complex sinusoidal wave with a 
ry recovered feedback carrier wave to convert the pass band digital 
signals to base band digital signals, and recovering the carrier 
wave from the converted base band digital signals to feed back 
the. carrier wave; a resampler interpolating a timing error of 
current symbols to reduce an error between the base band digital 
signals output from the base band demodulating and carrier wave 
recovery portion; a timing recovery portion obtaining a timing 
error of the current symbols from an output signal of the 
resampler and feeding back the timing error to the resampler; and 
a channel equalizer compensating channel distortion included in 
the output signal of the resampler. 
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[0 03 6] The base band demodulating and carrier wave recovery 
portion includes: a base band demodulator multiplying the pass 
band digital signals by a complex sinusoidal wave with a 
recovered carrier wave and converting the pass band digital 
signals to base band digital signals; and a carrier wave recovery 
portion detecting phase error of the carrier wave from pilot 
signals included in the base band digital signals output from the 
base band demodulator, generating a complex sinusoidal wave 
relative to the phase error, and feeding back the complex 
sinusoidal wave to the base band demodulator. 

[0037] The digital demodulating further includes a matched 
filter disposed between the resampler and the channel equalizer, 
for filtering the output of the resampler to maximize a signal- 
to-noise ratio (SNR) at a position of a symbol output from the 
resampler, and the timing recovery portion obtains a timing error 
of the current symbols using an output signal of the matched 
filter. 

[0038] In other aspect of the present invention, a digital 
demodulating method in a digital TV receiver includes the steps 
of: a) digitalizing pass band signals of a particular channel 
transmitted in a VSB modulation mode,- b) multiplying the pass 
band digital signals by a complex sinusoidal wave with a 
recovered carrier wave to convert the pass band digital signals 
to base band digital signals; c) detecting phase error of 

the carrier wave from pilot signals included in the base band 
digital signals, generating a complex sinusoidal wave relative to 
the phase error, and feeding back the complex sinusoidal wave to 
the step b) ; d) interpolating a timing error of current symbols 
to reduce an error between base band digital signals output from 
the step b) ; e) filtering an output signal of the step d) to 
maximize a signal-to-noise ratio (SNR) at a symbol position; f) 
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obtaining a timing error of the current symbols from an output 
? signal of the step e) ; and g) compensating channel distortion 
included in the output signal of the step e) . 

[003 9] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCR IPTION OF THE DRAWINGS 
[0040] The accompanying drawings, which are included to 
y, provide a further understanding of the invention and are 
jg incorporated in and constitute a part of this application, 
in illustrate embodiment (s) of the invention and together with the 
^ description serve to explain the principle of the invention. In 
£=? the drawings : 

.L [° 04 13 FIG . 1 is a block diagram illustrating an example of a 

pi general DTV receiver; and 

D [0042] FIG. 2 is a block diagram illustrating an example of a 

g DTV receiver according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
[0043] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0044] FIG. 2 is a block diagram of a DTV receiver according 
to the present invention. Referring to FIG. 2, the DTV receiver 
includes a tuner 201, a SAW filter 202, an A/D converter 203, a 
phase divider 204, a multiplier 205, a resampler 206, a matched 
filter 207, and a channel equalizer 208. Also, a carrier wave 
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recovery portion 300 is connected with an output terminal of the 
multiplier 205, and a timing recovery portion 400 is connected 
with an output terminal of the matched filter 207. 

[0045] In the present invention, for the convenience of 
description, the A/D converter 2 03, the phase divider 2 04, the 
multiplier 205, the resampler 206, the matched filter 207, the 
channel equalizer 2 08, the carrier wave recovery portion 3 00, and 
the timing recovery portion 4 00 are called a VSB demodulating 
device. A signal input to the VSB demodulating device is 
processed in all the digital regions. 

[0046] In order that the carrier wave recovery portion 300 

Q and the timing recovery portion 40 0 do not affect each other, the 

!~S carrier wave recovery portion 300 recovers a carrier wave using 
the output of the multiplier 2 05 while the timing recovery 

,]3 portion 400 recovers a symbol clock used for a transmitter using 

M * the output of the matched filter 207. 

D [0047] To this end, the output of the tuner 201 is input to 
p the A/D converter 203 through the SAW filter 202. The A/D 
j2 converter 2 03 samples the output of the SAW filter 2 02 with a 
jtij fixed frequency (ex, 25MHz) and converts the sampled value to a 
digital signal . 

[0048] The output of the A/D converter 2 03 is input to the 
phase divider 204, divided into signals I and Q of a pass band, 
and output to the multiplier 205. The multiplier 205 receives a 
complex sinusoidal wave with a carrier wave recovered by the 
carrier wave recovery portion 30 0 and multiplies the complex 
sinusoidal wave by pass band digital signals I and Q of the phase 
divider 204 so that the pass band digital signals I and Q are 
transited to base band digital signals I and Q. 

[0049] The base band digital signals I and Q are output to 
the carrier wave recovery portion 300 and the resampler 206. The 
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resampler 206 receives timing error of current symbols generated 
by signal processing of the base band from the timing recovery 
portion 400, interpolates the timing error to reduce an error 
between digitalized signals, and outputs the interpolated value 
to the matched filter 207. 

[0050] Meanwhile, the carrier wave recovery portion 3 00 
removes phase error and frequency offset of the carrier wave from 
a base band pilot signal output from the multiplier 2 05 and then 
generates a complex sinusoidal wave relative to the signal having 
no frequency offset and phase error so that the complex 
sinusoidal wave is fed back to the multiplier 205. Therefore, the 
multiplier 205 outputs the base band digital signal with the 
recovered frequency offset and phase error to the resampler 2 06. 

[00 51] In other words, a frequency phase error detector 3 01 
of the carrier wave recovery portion 3 00 detects frequency offset 
and phase error from the base band pilot signal output from the 
multiplier 205 and outputs the detected frequency offset and 
phase error to the loop filter 302. The loop filter 302 filters 
and integrates the output of the frequency phase error detector 
301 and then outputs the resultant value to the NCO 303. The NCO 
3 03 generates a complex sinusoidal wave relative to the output of 
the loop filter 3 02 and then outputs the generated complex 
sinusoidal wave to the multiplier 205. 

[0052] Meanwhile, the matched filter 207 which received the 
output of the resampler 2 06 is a digital matched filter having 
the same roll -off value as that of a square root matched filter 
used in the transmitter. Accordingly, once a symbol signal 
synchronized by the resampler 2 06 passes through the matched 
filter 207, SNR at the symbol position is maximized. 

[0053] The output of the matched filter 207 is output to the 
timing recovery portion 400 and at the same time is output to the 
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channel equalizer 207. Thus, distortion generated by passing 
through a channel is compensated. Also, the channel equalizer 207 
recovers synchronizing signals inserted during transmission from 
the base band signal I and recovers received data, i.e., 
transmitting symbols using the synchronizing signals. 

[0054] The timing recovery portion 400 includes a timing 
error detector 401, a loop filter 402, and an NCO 403. The timing 
error detector 401 detects timing error information from the 
output of the matched filter 207. The loop filter 402 filters low 
band signal components only from the timing error information. 
The NCO 4 03 converts the output frequency in accordance with the 
low band signal components of the timing error information and 
controls sampling timing of the resampler 206. 

[0055] In more detail, the timing error detector 401 detects 
the timing error information from symbol samples output from the 
matched filter 2 07 and then outputs the detected timing error 
information to the loop filter 402. The loop filter 402 filters 
only low band signal components of the timing error information 
detected from the timing error detector 401 and outputs the 
filtered low band signal components to the NCO 403. The NCO 403 
converts the output frequency in accordance with the low band 
signal components of the timing error information and then 
controls sampling timing of the resampler 206. 

[0056] As described above, since the matched filter 
conventionally disposed in the pass band is disposed in the base 
band and timing recovery is implemented using the output of the 
matched filter after the resampler is disposed at the rear of the 
carrier wave recovery portion, the VSB demodulating device and 
method in the DTV receiver according to the present invention has 
the following advantages. 
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[0057] First, symmetrical frequency offset acquisition 

performance can be obtained in the carrier wave recovery portion. 

t 

Particularly, acquisition performance in direction can 

significantly be improved. 

[0058] Second, since the carrier wave recovery portion and 
the timing recovery portion are operated separately, the carrier 
wave recovery portion is robust even if the ghost fatal to the 
band used for timing recovery exists. This is because that the 
characteristic of the timing recovery portion does not affect the 
carrier wave recovery portion. 

[0059] Therefore, in view of design of the VSB receiver, a 
closed loop control is independently available for the carrier 
wave recovery portion and the timing recovery portion. Robustness 
of the system is increased. Thus, the whole performance of the 
DTV receiver can be improved. 

[0060] Furthermore, since parameters for carrier wave 
recovery and symbol clock recovery can be obtained even under the 
channel with a serious ghost, performance of the demodulating 
device can be improved. 

[0061] It will be apparent to those skilled in the art than 
various modifications and variations can be made in the present 
invention. Thus, it is intended that the present invention covers 
the modifications and variations of this invention provided they 
come within the scope of the appended claims and their 
equivalents . 
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